Background: High-risk organizations such as aviation rely on simulations for the training and assessment of technical and team performance. The aim of this study was to develop a simulated environment for surgical trainees using similar principles. Methods: A total of 27 surgical trainees carried out a simulated procedure in a Simulated Operating Theatre with a standardized OR team. Observation of OR events was carried out by an unobtrusive data collection system: clinical data recorder. Assessment of performance consisted of blinded rating of technical skills, a checklist of technical events, an assessment of communication, and a global rating of team skills by a human factors expert and trained surgical research fellows. The participants underwent a debriefing session, and the face validity of the simulated environment was evaluated. Results: While technical skills rating discriminated between surgeons according to experience (P ϭ 0.002), there were no differences in terms of the checklist and team skills (P ϭ 0.70). While all trainees were observed to gown/glove and handle sharps correctly, low scores were observed for some key features of communication with other team members. Low scores were obtained by the entire cohort for vigilance. Interobserver reliability was 0.90 and 0.89 for technical and team skills ratings. Conclusions: The simulated operating theatre could serve as an environment for the development of surgical competence among surgical trainees. Objective, structured, and multimodal assessment of performance during simulated procedures could serve as a basis for focused feedback during training of technical and team skills.
S
urgical training has responded to the challenges of reduced training opportunities, shortened working hours, and financial pressures by using simulations primarily for the acquisition of psychomotor skills. Simulations are used to augment training in the operating room (OR) and trainees acquire their skills in a "nonthreatening and unhurried environment."
1 Learning in the operating theater provides little opportunity for practice and reflection, and this is one of the strongest stimuli for taking training in surgical skills into non-OR environments. 2, 3 Task simulations possess the potential to structure the learning of technical skills in a manner aimed at ensuring a smooth escalation in task complexity leading to the performance of procedures in the operating theater. 4 However, even such a structured transition from the skills laboratory to the operating theater fails to ensure that technical skills learning is linked to the training of other skills such as gloving and gowning, adherence to asepsis, and interpersonal skills such as communication and leadership. While simulation based learning of technical skills may allow for learning and practice in a controlled environment, an approach focusing solely on technical skills can ignore these skills that underpin surgical competence.
In addition, the assessment of technical proficiency in surgery has been restricted to the observation of task performance on bench and animal models in a laboratory setting. 5, 6 Although such methods go a long way in making the assessment of technical skills more objective, they still suffer from the drawback that these assessments are conducted in non-OR environments.
Training in all specialties of medicine in addition to surgery places a large emphasis on technical and clinical skills alone. This is similar to the position the aviation industry was in about 20 years ago. The focus was on technological developments to the aircraft and on technical training of pilots until research sponsored by the National Aeronautics and Space Administration revealed that 70% of errors were due to human causes. NASA's research revealed that a large number of errors were a result of failures in interpersonal communication, decision making, and leadership. 7 The similarities that exist between aviation and the medical specialties have already prompted certain specialties such as anesthesia and intensive care to adopt some of aviation's training strategies.
While surgical trainees receive feedback on their technical performance from their trainers, however, subjective and noncriteria based it may be, 1 surgical trainees rarely ever receive any feedback on their nontechnical or team skills. Communication skills training consist solely of training in doctor-patient skills and not interprofessional skills. The importance of nontechnical skills is highlighted by the fact that errors in the operating theater are rarely due to deficiencies in technical performance. 9 They result more from impaired decision-making, absence of situation awareness, and failures in interpersonal communication. Any training strategy that aims to enhance team working in the OR should improve performance in the OR and thus reduce the incidence of errors.
The aims of this study were to develop a simulated operating theater environment and establish its feasibility and face validity, establish the construct validity and reliability of the methods used for the assessment of technical skills, develop and explore the reliability of a nontechnical skills assessment method and pilot such a method to observe nontechnical skills in surgeons, and also explore any differences between grades of trainees.
MATERIALS AND METHODS

Simulated Operating Theatre (SOT) Physical Environment
A simulated operating theater (SOT) (Fig. 1a) was developed with the aim of replicating a real operating theater as closely as possible with an adjacent room serving as a control room (Fig. 1b) . A novel technology called the Clinical Data Recorder (CDR) was developed to evaluate the technical skills of the surgeon as well as the communication and interaction between OR personnel. The CDR allows multiple streams of video and audio data to be collected and recorded onto a Digital Versatile Disc (DVD) recording device in an encrypted format.
The researchers and trainers view the proceedings in the SOT on a monitor placed in the control room. The data from the cameras is initially fed into a video-mixer before being viewed on the monitor. The images on the monitor thus depend on the number and the order of the cameras selected. For the purposes of this project, we used only 4 cameras, the input from which was fed into the CDR. The audio from the SOT is streamed into the monitor and the recording medium. Thus, the researcher/trainers are able to view the simulation in real time as well as record the simulation onto a DVD disc for future review and evaluation.
Equipment
In addition to all the standard operating theater equipment, one of the primary features of the SOT is an anesthetic simulator (SimMan, Laerdl, UK) (Fig. 1a) . This is a simulator of moderate fidelity, which allows manipulation of the mannequin's hemodynamic parameters through software installed on a notebook computer located in the control room. It is possible to create a number of scenarios using the software. These include hypoxia, laryngospasm, and pneumothorax, etc. The mannequin can also be intubated and attached to the anesthetic machine.
Subjects
Surgical trainees were divided into 3 groups according to their level of experience.
Group 1: Junior trainees (less than 20 saphenofemoral junction high tie procedures).
Group 2: Middle level trainees (20 -50 procedures). Group 3: Senior trainees (Ͼ50 procedures).
The groups reflect the average number of procedures performed by 3 groups of surgical trainees in the UK, namely, basic surgical trainees, junior higher surgical trainees, and senior higher surgical trainees.
Procedure
A previously validated synthetic model of the saphenofemoral junction (Limbs and Things, Bristol, UK) was fixed to the anesthetic simulator. This is a silicon-based model with accurate simulation of the saphenofemoral junction with a layer of simulated skin overlying a layer of superficial fascia. It consists of a "saphenous vein" with 4 tributaries connected to a "femoral" vein. These are set in a cast of silicon, which resembles fat. The model was then draped with surgical drapes and held with surgical towel clips. 
Simulation
A standardized theater team consisting of an anesthetist, an operating department assistant, a scrub nurse, a "circulating" nurse (assistant to the scrub nurse), and an assistant first entered the SOT and assumed their positions. The surgeons entered the simulation area through the control room adjacent to the operating theater. They were briefed about the scenario and made familiar with the theater environment through the one-way glass. They were then asked to sign a consent form for participating in the study with a clause requesting their confidentiality. They then entered the operating theater under the assumption that they had scrubbed and proceeded to gown and glove.
While performing the simulations, there was a preprogrammed hypoxia scenario that was created to assess the awareness of the surgeon toward the patient's condition and the anesthetist. This was done by the simulation controller/research fellow by manipulating the software of the anesthetic simulator. The anesthetists were requested not to prompt the surgical trainee about the crisis, but were asked to do so when prompted by the simulation controller. This was usually communicated as a signal by the simulation controller when the surgical trainee had failed to acknowledge the existence of a problem. All the simulations were recorded onto a DVD disc for subsequent analysis by independent observers.
Post-Simulation Feedback/Debriefing
This was given to the participants subsequent to the simulation. They were given a feedback of their technical skills by a surgeon and nontechnical skills by a human factors expert and a trained research fellow. These were all videobased sessions. The simulations were time-marked by the assessors during the assessment process, and these segments were played back during the feedback session.
Performance Measures and Validity of the Simulation
Assessment of Technical Skills
A close-up image of the procedure was shown to 3 independent blinded observers instructed in the use of a global rating scale developed by Reznick et al: Objective Structured Assessment of Technical Skills (OSATS). 10 This consists of different aspects of surgical skills rated on a 5-point scale with the middle and the extremes anchored by explicit descriptors. 5 In addition to the generic global rating scale, they also assessed technical performance using a procedure-specific global rating scale: Imperial College Evaluation of Procedure-Specific Skills (ICEPS). 11 This consists of 7 steps of the procedure, saphenofemoral junction high-tie, which are rated in a manner similar to the global rating scale ( Table 2) . 
Essential Item Checklist
This consisted of parameters ( Table 1 ) that are critical to safe and effective performance in the operating theater. Some of these parameters are embedded in the technical skills assessment (Op Comp) guide for trainers as published by the Surgical Advisory Committee in general surgery in the United Kingdom. 12 Each item in the checklist was analyzed separately. One independent observer (a surgeon) carried out the checklist assessment. This checklist consisted of 4 essential and observable aspects of team communication, which are considered to be important during an operative procedure. 13 
Assessment of Nontechnical Skills
A few elements of the LOSA checklist, 7 developed for the assessment of nontechnical skills in aviation which were considered to be relevant to surgery, were used with the intention of exploring the feasibility and interrater reliability of nontechnical skills assessment. These consisted of the rating of behaviors such as preoperative preparation, communication, vigilance (situation awareness), and leadership. These were then subdivided into elements ( Table 3) that were rated on a 5-point Likert scale with the 2 extremes being anchored by descriptors. The total score was then expressed as a percentage. These measures were also based on the results of a pilot questionnaire submitted to a group of 35 consultants (attending physicians) and higher surgical trainees. The nontechnical skills assessment was carried out by 2 independent assessors: a human-factors expert with experience in simulations in the nuclear industry and the research fellow who had been trained by the former. During the training period, the first 5 assessments were conducted together to ensure uniformity of assessment. Subsequently, the assessments were performed independently to permit the evaluation of interrater reliability.
Communication: Utterance Frequency (UF)
In addition a communication count (UF) was performed to assess the communication of the surgeon with other team members. This method is similar to an approach used in an earlier study observing communication in the operating theater. 14 The UF was defined as the number of episodes of communication per minute. A total UF was then calculated for the communication between the surgeon (S) and the anesthetist (An), assistant (A) and the scrub nurse (SN). This is described as S-An, S-A, and S-SN, respectively.
Participant Assessment of the Realism of the Simulation: Face Validity
The participants were asked to respond to 4 statements as disagree, not sure and agree to establish the face validity and the training value of the simulation.
The SOT was as realistic as a real operating theatre. The model was a realistic representation of a real procedure. The simulated procedure in the SOT is a good method for training technical skills.
The simulated procedure in the SOT is a good method of training nontechnical skills.
Data Analysis
As the data were not found to have normal distribution for most measures, nonparametric tests were used for analysis. Differences in between groups for the technical and nontechnical skills were done using the Kruskal-Wallis test. The interrater reliability (the level of agreement between the observers) was determined by using Cronbach's alpha coefficient.
2 test was used for analysis of the essential items checklist data. Spearman's Rank correlation test (coefficient rho) was also used to determine the correlation between the technical skills score and the nontechnical score and between the communication score of the nontechnical skills assessment and the UF count.
RESULTS
There were 27 surgeons who participated in the study. Informed consent was taken from all the partici- pants. There were 11 trainees in group 1 (junior), 9 in group 2 (intermediate), and 7 in group 3 (senior). There were 21 males and 6 females and all the participants were right-handed.
Technical Skills Assessment Interrater Reliability for the Technical Assessment
The interobserver reliability (alpha coefficient) between the 3 expert observers for the global rating scale was 0.90, and for the ICEPS score was 0.94.
Difference Between the Groups: Construct Validity
There was a significant difference in the global score across the whole range of trainees (P ϭ 0.002) (Fig. 2) . While the difference in the global score between groups 1 and 2 was significant (P ϭ 0.01), the difference between groups 2 and 3 was not significant (P ϭ 0.31), although group 3 trainees did score higher.
There was a significant difference across the 3 groups for the ICEPS score as well (P ϭ 0.002) (Fig. 2) . While there was a significant difference in the scores between groups 1 and 2 (P ϭ 0.012), this was not observed for the scores between 2 and 3 (P ϭ 0.56), although group 3 did score higher than group 2.
Essential Items Checklist Intergroup Differences
All the subjects gowned and gloved correctly and handled sharps safely. There were no differences between the groups for patient positioning (P ϭ 0.46), informing anesthetist of start of procedure (P ϭ 0.43), asepsis (P ϭ 0.19), waiting for the swab count (0.56), acknowledgment of the swab count (P ϭ 0.36), and informing the anesthetist upon completion of the procedure (P ϭ 0.50).
Data for the Entire Cohort of Trainees
Analysis of the key communication features revealed that 74% of the entire cohort informed the anesthetist prior to taking the incision, but only 21% informed the anesthetist before proceeding to close the wound. Only 8% of them waited for a swab count from the scrub nurse before starting, but 79% of them acknowledged the swab count when informed; 8% of them positioned the patient in the Trendelenburg position, and 88% of them followed all aseptic precautions. Thus, the poorest scores were observed for patient positioning, waiting for swab count, and informing anesthetist prior to closure.
Nontechnical Skills Assessment Interrater Reliability for the Nontechnical Assessment
The interrater reliability between the 2 independent observers was 0.84 (alpha).
Intergroup Differences for the Total Nontechnical Skills Score
There was no difference in the total nontechnical global score across the 3 groups of trainees (P ϭ 0.70). Figure 3 shows the variability within the groups.
Intergroup Differences for Individual Components
There were no significant differences across the groups for any of the components except for leadership (P ϭ 0.008). While there was a significant difference between groups 1 and 2 (P ϭ 0.003), the difference between groups 2 and 3 was not significant (P ϭ 0.54).
Data for the Whole Cohort
For the whole cohort of subjects, the lowest scores were obtained for preoperative preparation and vigilance. The scores, expressed as percentages, were 35.8% and 45.9%, respectively. The score for leadership for the whole cohort was 56.6%. 
Annals of Surgery • Volume 242, Number 5, November 2005 Surgical Trainees in a Simulated Operating Theatre
Communication: UF Difference in the Total UF Across the Groups
There was no difference in the total UF across the 3 groups (P ϭ 0.20). Table 4 describes the total UF between the surgeons and the individual team members for the 3 groups separately. Analysis between the groups revealed that for the there was a difference in the total UF between the junior trainees and the group with intermediate skill, but this difference was not significant (P ϭ 0.06). Similarly, the difference between the senior and the intermediate group was also not significant (P ϭ 0.47).
Difference in the UF Between the Surgeon and Individual Team Members
In addition, these was no difference between the 3 groups for the total UF between the surgeon and the assistant (S-A) (P ϭ 0.47), between the surgeon and the anesthetist (S-An) (P ϭ 0.26) and between the surgeon and the scrub nurse (S-SN) (P ϭ 0.18) ( Table 4) .
There were no differences between groups 1 and 2 for S-A (P ϭ 0.34), S-An (P ϭ 0.19), and S-SN (P ϭ 0.06) UF. There were also no differences between groups 2 and 3 for S-A (P ϭ 0.56), S-An (P ϭ 0.47), and S-SN (P ϭ 0.62) UF.
Data for the Entire Cohort
There was a significant difference in the UF between the surgeons and the individual team members with the UF being significantly lower for S-An compared with S-A and S-SN (P Ͻ 0.001) (Fig. 4) . While there were significant differences between S-A and S-An (P Ͻ 0.001) and S-SN and S-An (P Ͻ 0.001), the difference between S-A and S-SN was not significant (P ϭ 0.09). This means that the lowest communication occurred between the surgeons and the anesthetists.
Surgeon-Anesthetist UF
A large part of the total communication between the surgeon and the anesthetist was during the hypoxia scenario ͓prehypoxia UF (median Ϯ interquartile ratio), 0.24 (0.37); during hypoxia, 2 (2.3); posthypoxia, 0.15 (0.69)͔.
Correlation Between the UF and the Communication Score in the Nontechnical Assessment
There was a low correlation between the communication score embedded in the nontechnical assessment and the total UF (rho ϭ 0.29) meaning that the 2 measures were assessing different aspects of communication.
Correlation Between the Technical and Nontechnical Skills
There was a low correlation between the technical and nontechnical global scores of the subjects (rho ϭ 0.24, P ϭ 0.23). There was a low correlation between the 2 measures for groups 1 and 2, but there was a moderate correlation for group 3: group 1, rho ϭ Ϫ0.13, P ϭ 0.70; Group 2, rho ϭ 0.29, P ϭ 0.44; Group 3, rhoϭ 0.44, P ϭ 0.32.
Face Validity of the Simulation
A total of 90% of the subjects felt immersed in the simulation (suspended disbelief). They agreed with the statement that the SOT was a realistic representation of an operating theatre.
Only 50% of the subjects considered the synthetic model to be a realistic representation of a real procedure.
Debriefing (Feedback)
An effort was made to debrief all the participants, but this was possible for only 17 of the 27 (63%) subjects. This was because of some subjects having moved on to posts at other hospitals. There were 6 junior trainees, 8 of intermediate grade, and 3 of senior grade. All sessions were within 8 weeks of simulations.
A total of 80% of the trainees considered the model to be a good method of training technical skills. The junior trainees (100%) agreed more with this statement compared with the intermediate (75%) and the senior trainees (65%).
A total of 88% of the trainees considered the SOT to be a good environment for training of team/nontechnical skills. Three trainees were not sure.
DISCUSSION
Crew Resource Management training in aviation 7 and Anesthesia Crisis Resource Management in anesthesia, 8 attempt to create near-real environments to train and assess technical performance with reference to team or nontechnical skills. In high-risk environments such as the ones mentioned above, individuals work in teams where the performance of one team member can influence the outcome of the entire mission/procedure. In such circumstances, it is difficult to dissociate technical proficiency from team skills. The primary aim of simulation-based training programs is to integrate technical with team skills training to make the most effective use of all resources available during management of various scenarios. This study was developed with the intent of adopting a more holistic approach to the learning and assessment of skills. Using a live animal based "wet-laboratory," Lossing et al described a similar approach that consisted of teaching trainees patient preparation, draping, aseptic techniques, principles of hemostasis, surgical assisting, and overall conduct in the OR. 15 However, the use of live animals was seen as a major drawback of this approach.
Over the past few years, there have been a number of alternatives to operating on live animals such as synthetic bench models and VR simulators. Synthetic bench models have been shown to be effective in the training of technical skills; 16 and using the global rating scale embedded in OSATS, one study has shown a strong correlation between procedures on bench models and live operations using a bench model of a saphenofemoral junction. 17 The global rating scale embedded within OSATS is a generic measure of operative expertise; and even though one of its features assesses knowledge of the procedure, it fails to give detailed procedural information. Procedure-specific global rating scales 11 assess knowledge of the procedure on a 5-point Likert scale and combine the advantages of global rating scales with the procedure specific information obtained from checklists. Using both these methods, it was demonstrated that there was a significant difference across the grades but no difference between middle and senior level trainees. Other groups in addition to us have commented on the existence of a "ceiling effect" that is observed during the assessment of technical skills. 18, 19 One of the reasons for the apparent failure to make nontechnical skills a focus of training among medical specialties has been the difficulty encountered in the objective assessment of these skills to enable structured feedback. This study piloted the use of a simple nontechnical skills assessment scale, which consisted of measures considered important for team performance in the OR from the results of a questionnaire survey undertaken by a small cohort of surgeons. Although this process establishes the content validity of the measures to a limited extent, future research should adopt a cognitive task analysis approach as used for the development of a nontechnical skills assessment for anesthetists. 20 The nontechnical skills assessment used in this study was found to have a high interobserver reliability. This is probably because there were only a few measures on the scale, resulting in a lower likelihood of variability between the 2 assessors. The benefit of having only a few measures in a nontechnical skills assessment has been suggested by Gaba et al who reasoned that one of the reasons for the low interrater reliability in their observation study of anesthesia simulations was the presence of multiple measures. 21 The nontechnical skills assessment revealed that there were no differences between the 3 grades for all measures except for leadership skills. The absence of construct validity could be a result of a number of factors. It could be argued that such skills develop with experience and that a cohort of senior surgeons would have consequently achieved a higher score. Failure to demonstrate this may be due to the fact that the study's cohort consisted only of surgical trainees. Another reason could be that the measures used had little relevance to surgery. However, as stated earlier, we chose these measures according to the results of a pilot questionnaire but acknowledge that further research is required to establish the true content validity of the measures. Most importantly, establishing construct validity of nontechnical skills assessment may be difficult as they have never been the focus of surgical training while a strong emphasis has been placed on technical skills. The low correlation between the technical and nontechnical scores confirms this, although it can be seen that the correlation was highest for the more senior trainees. Variability in performance even within the groups demonstrates that some senior surgical trainees score lower than their junior counterparts as performance depends on a number of complex factors such as mentoring, culture, personality, and exposure to positive role models. It is also important to appreciate that there is very little evidence on the construct validity of nontechnical skills even in aviation and anesthesia. 21, 22 Data for nontechnical skills for the entire cohort revealed that most trainees scored very low for vigilance. It has been found that a large number of adverse events during the maintenance of anesthesia are due to problems with the vigilance of the anesthetist 9 and situation awareness training is considered to be an important aspect of anesthesia simulations. 23 This particular condition, however, has never before been studied among surgeons. The lack of awareness of the patient's condition could be either because most surgeons focus solely on completing their task 24 or may be a reflection of a cultural norm where they rely on information on the patient's condition from the anesthetist. This needs to be explored by further studies, which should examine the importance of the surgeon's awareness on patient safety in the OR. Error management in aviation places a large emphasis on the fact that team members maintain open lines of communication and cross-check each other. 25 One observational study of team coordination emphasized the role of "activity monitoring" where one team member watches another complete their tasks. However, even just observing was found to be problematic, and the authors recommended the need for explicit verbal communication. 26 In addition to the assessment of communication as a measure in the nontechnical assessment, UF was also used. The utterance frequency, based on a similar method used by a previous study, 14 was used because of its objectivity. The low correlation between the UF score and the communication score embedded within the nontechnical skills assessment reflects that they were assessing different aspects of communication, with the former being a quantitative measure and the latter assessing the quality of the communication.
It was found that there were no differences between the different grades for the total UF and for the UF between surgeons and individual team members. However, general observational data for the entire cohort revealed some inter-esting findings. It was observed that communication between the surgeons and anesthetists was significantly lower than that with other team members. This is not a surprising finding considering the fact that a majority of the communication between the surgeon and the assistant and the scrub nurse consisted of instructions or requests for instruments. It was also observed that a large component of the communication between the surgeons and the anesthetists was during the hypoxia scenario. Of particular interest was the finding that, with a third of the study cohort, there was no communication between the surgeon and the anesthetist in the postscenario period, suggesting the lack of vigilance of the patient's condition even after the crisis.
Communication was also assessed for some key elements of communication between team members that is considered to be essential. Although there were no differences between the 3 groups, observations revealed that while the subjects were consistent in asking the anesthetist about the appropriateness to start, only one fourth of them informed the anesthetist about the completion of the procedure. This is considered to be an essential part of the communication between the surgeon and the anesthetist, as it prepares the anesthetist to start instituting measures to reverse the state of anesthesia at the optimum time. It was also observed that surgeons proceeded to closing the surgical wound without the swab and instrument count being delivered to them. In both these instances, it may be assumed that activity monitoring between the team members would be adequate, but Xiao et al have advocated the need for training in communication to make "certain verbalizations mandatory" for smooth team coordination. 27 The scores for preoperative preparation were low for all 3 groups. This is a reflection of the absence of preoperative briefing, absence of preoperative instrument check, and the inadequacy of introduction to the other team members. The absence of briefings in operating theaters has been noted by earlier studies. 28 Using a 4-point scale and comparing communication in the cockpit with that in the OR, Sexton and Helmreich found that, while below standard briefings occurred in only 23% of cockpit observations, they occurred in nearly 90% of OR observations. 29 This was despite the fact that in a questionnaire to OR personnel (ORMAQ) a majority of respondents considered preoperative discussion between team members to be important to enhance team working in the OR. 30 The face validity of the simulated environment was found to be quite high as nearly 90% of the trainees felt immersed in the simulation. However, the face validity of the model was satisfactory to only 50% of the cohort. In spite of this, 80% of the trainees considered the model suitable for technical skills training. Nearly 90% of the cohort considered the SOT to be suitable environment for team skills training.
One of the limitations of such an approach toward OR training is the lack of suitable models to simulate surgical procedures. While anesthetic simulators, with varying levels of fidelity, are used to train anesthetic personnel, the lack of analogous surgical models places a limitation on the number of procedures that can be simulated. While the development of virtual reality simulators may address this issue in the future, presently, the SOT training approach could be extended to carrying out procedures on live animals. As live animal-based training is already prevalent in a number of centers in the United States and Europe, it would only involve the shift of technical skills training from skills laboratories to simulated environments such as the SOT. This would be particularly useful for senior trainees (residents) who have already acquired their core technical skills.
In addition to the training and assessment of individual surgical trainees, an SOT-based training approach can be extended to training OR teams. With anesthetists already using SOTs for training their personnel, further efforts could be made for surgeons and anesthetists to carry out simulations together to enhance team coordination in the OR. Such simulations could also involve other personnel such as nurses and operating department assistants/technicians. Research in our center is presently focused on developing and validating team performance measures 13 and using skill measures as described in this study to observe performance during real procedures and to determine the impact of individual and team performance on patient outcomes.
